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(54) PLAN ARIZE D COPPER CLEANING FOR REDUCING DEFECTS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for treating a 
copper or copper alloy substrate surface with a composition and 
corrosion inhibitor solution to minimize defect formation and surface 
corrosion. 

SOLUTION: A method for treating a copper or copper alloy 
substrate surface includes application of a composition which 
includes one or more chelating agents, a pH adjusting agent to 
produce a pH between about 3 and about 1 1 , and a deionized water, 
and then application of a corrosion inhibitor solution. The 
composition may further comprise a reducing agent and/or 
corrosion inhibitor. The method may further comprise application of 
the corrosion inhibitor solution prior to treating the substrate 
surface with the composition. 
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(2) 

1 

[If** l 1 ^XfS^&&4S;iSg«aaj£*&3-t- 

lSW±Wdrl/- hfc^Jt. pHfit^riK)3*>55^ 1 1 CO 
IB^-*-4 l«&±«>pH»iaE*Ji:, K'fa-i'* 

[If** 2] BdSEiffl^Srfflv^rMfESffiSBSrftia 

&«r£&lc£tr, 19** l KfEttco^fSfco /a 
[19**3] 3tH5JS@AKih^^ x j^jo. 0 111% 

i:»0. 5 Oft*%»ro©«AB*Jfc#JXt«ft-f 
[19**4] «rtE**6SJb#Jtt, h y T^- 

/K 5 -*<f-j\s- i h v T-/— jVBLri^n^n 

U3r&t>*t<7>f&frbmViZftZ>. 19** 3 {cfEttco*- 

[111**5] BfflElWWJiW^i'- hftffltf, S£> 
SXtt^fibrott^fr-arSrfll*.** 19**4 icfettco 

[19**6] twrse i tt£i_b«> * i — h fbjw*« , wimm 
&m<nm 4 o s*% \c mt z> mm * m-r z m x. s , 

19**5 t;:fE*co 
[ft** 7] BMBBtt. lffiW±co^S^W-rs*^ 

#v®refc3, 19** 6 \z.mm<D5im 0 
Rxf*ii<b<Dmx.-&t>it<z>m>t>'mft.2tiz* it** 7 
[is**9] wm\mu±.<D*i — MLSijtts tntem 

if ** 1 I-I2«cco^ri5fe 0 

[ff**io] miettS^mfenajA«<oiK) o . sm& 

%*»e>ifi3a*%Sr«j«-t-4, If ** 1 IcfSiftcD^fe, 
[19**1 1] ffJfEt&Srtu Tk^fkT^^-^A, * 

*0»«>b«R*ll5. I9**9{wfEttco^ito 

[19**12] m&mf&®>&mizm±m&£b\cffiz_ 

5, If ** 1 KlEi&co 

[19** 1 3 ] ffifB«*B$Jb#J*sifflGI&j£4fe<Dtt 0 . 
0lIi%H«0, 5 0»S%&fl?fig-r5, 19**1 40 

2 \ctzmv>jjm 0 

[If** 1 4 ] WHEJB*BSitffl«4, •O';/ h!)7'/- 

/k 5-^f/i/-i-'<>'j/hyr/-/i'St;*^5>« 

fi*^t>*0#*>f»«RSn5, 19**1 2lCfE^co^ 

So 

[19**15] ffi&mfSt®>&. m4 oas%tciS-r5 
^i^St. iS^5fiffl%icai-s*®fitr>-^-=[>^ 
«9©fi8»**«l-f*v*Srfl|*4, If ** 1 CifE® 

[19**16] fltem^fel^, **)4 t^5CO^cOp H 50 
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2 

fit£WU 75^o^j5a;ft%i:i^3 0Sfi%(OF B 1co^^>- 
*tlO. Sm&%kffo3. oa*%©M©*IMI:T 
19** l KB*©**. 

[if** i 7 j mfs.m-kWiJkmm&. atitzm^tm^m 

W«tie**t«, 19** 2 KIE*©**. 

[if** i 8 ] miBfl&fta'*) i o 2 o&m 

«t»**b<5. If ** 1 IEffico^ffi 0 
[19**19] AfJiEffifi£^#iS7C#J££ <blcfilx5C 
t, 19**1 9fiti:o*6. 

[19**2 0] RfIIEi§7n^J/!) s , ffifEffl^co^O. 0 
l«S%*»<b**)2 0fifi%cora*r«x.5, 19**1 9 It 

[19** 2 1 ] BufEil^Jtiu t Kf*^7 S >\ 

tuP>coffl^t>-frc08¥^?j3S^$*v5, 19**1 9lc|E 

[19**2 2] lWrlB**B)5Jh»«*s, »0. Olli 

%t#*jo. 5 oss%rorawj&*i&jhMRtm^*v* 
[if**23] m&m-kmitmix. 'o-syvt-s— 

/K 5 -y^vU— 1 —*<Zs-/ V y 7"^— /kRtf-tift-^cO 
&*&t>itt>>ibti:Z>mfrtbmiRZtiZs 19**2 2(cfE 

[19**2 4] MB«AKJk»«tt, #&3fJ>*»fc*li 

If ** 2 2 (CtEttCO^-feo 
[19**2 5] 1 m&.±<0 p HliM», 

mmm, #m<tmm&, #mitmmmm. &mtmmm. 
mRxf*fr<b<nm.3i-'&t>-&<oufrbm#.£nz>. if** 

[19**2 6] StllE 1 m$X±.<D p HWIS^JI*, 

ffix.Z>. 19** l l-IE*co*i*o 
[19**2 7] X«*ffi*spSfti-<5*«fe-C*>oT, 
±950ffi£'Xc< ifc loco^Pir^W-r^Jfe^ili:. 
«HEI6«JB<0BB P2Hr±«B©ffi*KB-*-*l««e £ > 

sum ^tzm&mmzmi-ffimmmm t s c t 

k. 

Sf^KitSffi-Sr^-TS C £ £ Sr-g-tf ^ k 
[19**2 8] WIB^XI*®-&&0>^ BiriB 



3 

SrUfciei-SrirSrSfefc-atN fll#* 2 7 HUE*©* 

li, lfoK*Xtt«*fcroJBfcflS^W«««JW» (CM 
p) -rsiifc^tp, »** 2 7 KB*©**. 
[SSM3 0] «I1B*«fe**, 

lWlEI*ttJi*lfc*U «TIE«IX«««'A©«B»-Srfll*6 
-rSHt**2 9lE®K>^-j£ 0 

tlFffiWffie^^V^^ (Ta) Xttfc-fb*!'*^ (Ta 
N) $>(■*.«, 11*1 2 7 (CfEiScO^rfc, ' 
[lt**3 2] MIE^rffidS, A^ltll^ftoKrttit 

^tfs if** 2 7 (c:f5«cro^te„ 
[ft**3 3] SJFia^ffijJ^ «Xtt«-g-^Sr«^.5B 

ta Lfcs«^B^^) 5 o A-§--?ib¥mzm&-rz> z t * 

^ti\ If** 3 2 id|S«O*fe 0 

[1***34] iwia«#tt*#i&-r*mic, **6&.it 
ffl v > x mmmmmm * t&m-r z> r & £ $ & 

tf , It** 2 7 tC|Ett<0*-feo 

t/7KSl{lsrv*=^ASrfll*.4,'lt**2 7 Kite*©* 

[ft**3 6] mrnxmAK 

HllfEffl^ Sr«*&i- S r t t , 

HfrfES«£#JfE#y -y'y^if • K^^st-rt^jc, 

ffilEJK*teJk*»*0W&^4c ft** 2 7 

fcfe$©#fe, 

[|f**3 7] flfJieJffi*KJt@fS*s, jftO. Olli 

%tmo. 5 oas%©p^©JK£KitmtHS{.^>* 

It** 3 4 idfEttro^S., 
[If**38] SfrfEJSgAKih^Jfi. h!)7/- 

m.x-&i?it<Dmfr<bmft.£tiz>. it ** 3 7 che^©* 

[lt**39] ifflfElSfiUi©*! — hitMtK 
ttaxtt^Jxferojfi^tHtfcfll*.*, if**2 7(^15 

[lf**40] ltff£l«Wl:©*U'- MfcaJtf. llfFlE 

w t**HSi:-t-58&**3 9fEigc©;£)£o 



(3) 2001-230230 

4 

[ffl**4l] ffiEtttt. l«6l±©K*4r#-t-6* 
/M^grefc*. It** 4 0 Ul!E«fc©:fcfe, 

[|f**4 2] fII5ffif»4, ftgf. -^W>- 
$&tf*;ixb©i&^fr^©8¥ri>bjS#?£*i.5s If** 
4 l KfEtttf>#i£o 

[if**4 3] fflEttSft*, Hfll2iffifig^ro^5fifl:% 

it** 2 7 (C|E«cro^fe 0 
[lt**4 4] ffnEtt£*'l»(rflB*lj£'lfe©*>0. 51i 
3 **%©!»] If** 4 3 (ClfE*©;* 

[lt**4 5] HUlEifiSf*, TKK^T^^^A, * 

■e:*fflx.5^e>jS«S^5, it** 4 3 tcf2«ro^ 

[lf**4 6] BJJlEffi^JjsjgftESJhSUSr* 
fc\ It** 2 7 KfEtt©^. 
[it** 4 7 ] flfllE^AKit^J^mrlSffi^w^ 0 . 

o imm%t>bmo. 5 oas% 5, »**4 

6 t-IEtt ©;>?££:. 

[W**48] «re*AKJhffltt, 'O-V h y 7/- 
/K 5-^/w-l — hi) TV— ;i>RXfi*:tib<D 
»*^fc*«r«*.5«a»e>»*3fta, ft**4 6^IE 
*©#8s. 

[it**4 9] mKm&*#* fa* os*% tears 

if** 2 7 »£lB*fc©#ffio 
[if**50] i»Efi««B*s, #U4 t#l)5©|>]©pH 
M£#U i>o«)5li%ia 3 oaft%©5i1©^^ 

jo wo. 5fis%t^3. om&%(or$<ofrm<kT 
©#&> 

[st**5i] m&m&m±&m&. mw&&V)t:m 

H«i^**x5, it** 3 4 (-lEftro^feo 

[it**5 2] StIiaiia***sjKjl 0S>*>b«J2 0S>M 
W*&$4x5, it** 2 7 (CfEffi<D^i* 0 

[it**5 3j miEJB*teJt***«, tto. 01 a* 

%t**)0. 5 oa&%caP B l<DJig:&Rat#J&tfJ£'f 

[it**54] ftimmi£P5±mt. hvrs- 

5 —*5-fl'- l —*<*s-/ V V TV— jis&XfZrtihto 
6 W*»bai«lSix5, if**3 4(c!5 

[it**5 5] «rE**l6Jl:*««, «>3»d»e>ilftl 
OtWHmiSSiT,*, it** 2 7 (clE^w^&o 

[it** 5 6] wie p H^siPJtt. #mtmm®. & 

<o<7>mz>--&in£<Dmfrt>m&.£ft5>. it**2 7(;istt 
so <nismo 
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5 

57] mtE i mzi±.<D P Hsis^jfi, g^tto 

5 8 ] flMBflUft*** § h \z.m5tn SrflS *. 6 . 
TO6 0] jUjiEif7G»Jtt\ tKD^r^7;y, 
[0 0 0 1] 

[BSiSWBI] ^tfcJlPf^s 1 9 9 9¥llfl2 9 0C77 
^0 9/4 5 0, 4 7 9f [AMAT/3 9 7 6] — 
[0 0 0 2] 

SrWU 5c»*s«*H**tfc*W*WS«K:*J»a* (C 
[0 0 0 3] 

zzk\±. SRC (S&i&t/^*) ttiB»/^-^«) ^ 

^^^^ hWWB77-<^ MtSrW-TSJ: 

[0 0 0 4] t£*<D¥»{«S«tt, K— 

IBJifttfW^* — >^i:*rfll*.6. JMKlEllftN;* BftlR] 
ffilMJ-WMi * ttfcSMt 7 *f > i: a*o»BJ9 >f > k *ffi 

[0 0 0 5] bfT*-/U£^ig^£2Sm^;m, ASi 
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U (w) ^o^flMtSr/flv^RWJnSras 

<o*»*i»«»tt:, ii*. fk^WIi«5f« (CMP) 

[0006] « (c u) at/«^Att, ssie*;* *7 

-Y*— XC*5(t5T/U^=.^^ (A 1 ) Kft:fc>£<£ 

zi/f^is (w) tit^<T»stw«Ftt^efe» 
[0007] m-*>m«»&H£>7 p 7 ^st^ia^o^^co 

mfekmm<ot&mwk<Dffiizj&&2tiz>o -f&^, mx 

tt«l*ft^S*f6tt«l»«A«H:, (Ta) , 

afk^^^yu (T a N) „ g{fc^*>' (T i N) , 
>-^>-^^^^ (TiW) , ?>y* : T>' (W) , ^ 
{t^^^^^V (WN) , ^^V-^fb^^V (Ti- 

TiN) , ifbvy ^yf^y (t i s i n) , ^fkix 

yny^y^rv (WS i N) , &iti/ ] J ^>?>"? 
;i» (T a S i N) atfttffci' y 3 >$r^tr 0 «BSr€l$i- 

[0 0 0 8] «©CMP»M^, r>zn/> . 
SfB(OW»*^«torJB»S*bTH^U^:#y • 

ft^f>, ^iv^W^x/N^s^^y ys/y^ • ^° 

yKt^B-C*!! ¥^?®)YE*htzh 

[0 0 0 9] i?^S<D^®jXPf&, »Jx.tfflfA. ^^y y 
^ s y^Iiftffitt^S:84tSl i:ft< , 
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TUAZ^ftV (Ta) 1b*^ttAfc9l'9fr (TaN) 

(pvd) JWt*4Mfl*MI (cvd) *m*TttK»i 
±fC, ii««^8, 0 0 0A^bfil8, OOOAoip^ 

[0 0 10] *:<D'&, CMPJ&SfrfcftTfflXflfl^&tf) 

fififeWSrfflv^r, fcSv^ilft»Ji±*-ea[*CMP*rfi i 

«B±lw»rt*Jxfc»«[*:*S{ CfcfttBflii 0 #< 

*L3k v^n^^^, W^otfyr^y^ 
*ffi<z>W«tt^oJB£*'&tfo «ftt«ll*&*3^ 

v^fflfBiS:^-r o M&VM^XStt. ffiv^pHat*-?* 
[0011] 

[0 0 12] 1 o^fi^Hc^T, #SS91f*, ffiXteffi 

Mbait* pHte*#?j3a>e>#ji i orai-i- 
[0013] me>mmz$s\,*x. _L&5<7>®<t 
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<b<fc> llHl^^^- Mb»J*, pHffiSr*5 3^fe<ft 
1 lOKIlc-t-SpHWI«E#Jt, R^f*^* 

/0 JB*KihMftt5/XttpHBiaE*JS:Se>Jw* 
[0 0 14] 

[0 0 15] *RW»#fcia*Lfe*»WO||lK(0?l!?IB 

Hr<o*jsfett, wxiifi^^io) cm p 
cMPtoa^j»<ii&o^o^^^&^stt{kL^<B^ 
»*i-5wiaw/xf±JB*u*, mtmRvt/xtem 

[0016] *&fn<onifc<Djete<D&&njjmft. m& 

^ S^&tf/xteTS Wjrifo&S^tf) iffi^±co^u— 
h^b»J*$tp*a*»^pHffiS:jKj3^bjKii i^wj«--r 

^> l «W±o p HgHfiffl-^fla-r * Sr^tr fflfiKW* w 
fctSiit, JB*BSJt»«S:«|&i-Sr4:i:S:«tf. 

[0 0 17] **W«)*16^»l|Rfc±o-c*«*ixa^ 
5^? XA(ibi»ot^4v\ L^L, Wfg/B^l**^tt<* 
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[0018] ^^Kih^^fflV>^«:SO^»C0^lS 
fi, JRJO. 0 lli%^:^0. 5 0M&%<om<Vf&'kP5 

5-yf;i/-i-^y/h!)r/^ (tta) ^com 

tt, KJBABSJtSiKH, »0. 0 5a*%(D**BSjJ:*J 
*.tttt3»3&»fettl 0»IB»fflS*S« R^ot^i 

So 

[0019) StRSffitt, <BXtt«B-frAS:«A*«HlL 20 
ffc#J<b> p HfltSrJIft 3 3&*6>*fil 1 l©Htt5pH«8SI 

[ 0 0 2 0 J ttfij*ttfcffl^fc*0«^»3tt, gffiSl 

^-v^&t/fcV^ >^&fcfc<bi-fc<a<b%Afc*iSo 
iK)ioW^fi2 0W^MWft 

[0021] ±i5iaJ^±<£>*u- hfls»tt % i££ 
ttjfi^(D*i)5ll%d^*ij3 oifi%Srffi«t5o %% 

[0 0 2 2] ±ta«Sfl> *mtTls*r~VJ±, *»ffc 50 
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«U«»(Oft5a*%*"e**S*S^i:36S'C#S 0 10 
3. 0lt%?rMt5 o R4KStt*^j|adci»«t>-e^U' 

sts s co *> 6 v > ±iaa^«i * <^ & js >r > ^ 

[0 0 2 3] 1 m£l±<D p HWMJWli, #BMMT«&tf 

l l o|«]coBfH<OpH*IS:**Xtt:llt»-*-*o^ 

pHtti»3 

X\ ^&<nm j &. p HfiStt«?j6 ir»8 0W-CS>So 10 
ofBflS-Ctt, 3 £*$7<aPpS}<z>pHtt£r*-r 

So pHWS#J<D«fc LTtt, TKiftft^y^^ (KO 
H) OctSfcJfiS, y>»*>6v^tt^ 

[0 0 2 4] P HliS^Jfi. r/v^7 y ttco^r 

Mb#J£&i-fliv>s zt&xz, r/u^7 yti^>pHiiS 
ttfty7;u*ytt©pHitafi, »ttat/r/^ytt 
So n^i^pHM^j^ ±E«a«*+jj:iwafefl!>* 

[0025] 7^/1^ ^y/hyr/-^ (bt 
a) , y^s-j v y r/- yuXfiS 

l-^h»7/-/P (TTA) *4to«*tt*«fb 
*«*OJB*BSJi:JBtt, »**o*Sjo. 0 1ii%^6 
«0. 5 0li%(7)t^«MicW5^HK^ 
So io©«*m »*ftB5Jh»Jttttiafi8ft^<fiO. 
0 5lt%^t6 0 

[0 0 2 6] $P>^, ^®^te^^*^ffl$ri«^Sfcfe 
»**J*»IM!Sft^a^-t"a-4:*s-e#6. KilTC 

-h, a y ^A&^ix^cOffl^^-frSrfflAS 

8¥^^51^"t-Sr i:dsr*#So RiS7c^Jfi> MfiJc^K^^ 
o. o i IW^bfi 2 o ifi%oiWt 5 : i: 

#s 0 ioou8^it nMitrnte. u$Lm<nmo>. o 

ifiS%^bW5fiS%Sr«fiR+S 0 
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[0 0 2 7] JB*Kifc*«liStE*an^«t»**LS. fift 
4 it y tK * tf> T T A co X o ft 9! * K IE ®c L fc JS A 

oftv>«ffistfs«*ii«:*#ifc*^«tsatA^e>«a 
•r a ^ffitt^t istcmmm *m&-r a t t %*. & ns, 

[0 0 2 8] *KW»llF^lBttLfc*IBM<OliJlg<0?Bj|8 

*B«, ftJn»ft/<7w*xa«ra[ESft, *»m^h 

ffi**:3&»«"ft^6*«Sr*y y >^^ • KXWt¥ 

[0 0 2 9] tt*0Sfi&UlfiMtt, *3B93G>2MI6<a 

SrK-yit^^7^ (PSG) , **5RXtf»S: 
K— ^Lfc-iM' (BPSG) Wrh7xh^r 
>>7 > (TEOS) fcavMiT^X-^ • h 
(PECVD) ^*5^9^«Ojft««-Sr 

tt, #y>fu\ #jx.tf#y:7 
ttoy 7 y * *v > k ? ^ v * 0 ttffttt«0># y - 

«r*tftt*«**t*:*tpr HQ (2. 

[0 0 3 0] **WO|il«(OJKltt^«S;WlwH 1 «>e>B 
3„ BlSr#RW-Si:* »ft^*#<0lfi»« 1 Oj&sB 

»*nrw^ftv>*tR±»w»ritsixa 0 »bpi i 
o. 2 ^^D^fejt-c^sttSo %i,xm<omi 3& 
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«J8, 0 0 0A^^^1 8, 0 0 0A(DJ?ST*ltg(Stl 

So 

[0 0 3 1 ] Hi 2 Sr#flai"S 4:. CMP^ffli6 

1 2*-ei»*$n5 0 H2&tfU3{::7r;-rj: i\z % mm 

mi 2<DVk£te'&&<Dft&x*ftt>tix. mtz^z^m 

fi, t-T'y • 7^-^KBtgt6«^7>f y 1 3^ 

70 i#t®4 l £r^irffl<£>±3c®4 0 KfcSAftJtl^go* 
Bfe<Dl:*:&U tta<Tt^^< H75 Oi^iC 

[0 0 3 2] *BM»tl:IBf Lfc**«© 1 o^^JS 

<Di&m\z£ti& y mm 4 oRvmm&mmi 1 

lora^i-SpHDSSE^J^, R^v* 

»KUR^-C\ »aft**l6ih*J(0»**:««-rac4:«r 

20 /B^fcAiaftWJffl&Sf*, BT A^TTA*£cOJig:&Klt 
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1 Title c f Invention 
PL ANARIZED COPPER CLEANING FOR REDUCED DEFECTS 

2 Claims 

1. A method of treating a substrate surface comprising copper or a copper alloy, the 
method comprising: 

applying to the substrate surface a composition comprising: 
one or more chelating agents; 

one or more pH adjusting agents to produce a pH between about 3 and 
about 11; and 

deionized water; and then 
applying a corrosion inhibitor solution. 

2. The method according to claim 1, further comprising treating the substrate surface 
with a corrosion inhibitor solution prior to treating the substrate surface with the 
composition. 

3. The method according to claim 2, wherein the corrosion inhibitor solution 
comprises between about 0.01 wt% and about 0.50 wt.% corrosion inhibitor and 
deionized water. 

4. The method according to claim 3, wherein the corrosion inhibitor is selected from 
the group of benzotriazole, 5-methyl- 1 -benzotriazole, and combinations thereof. 

5. The method according to claim 5, wherein the one or more chelating agents 
comprise an acid, a base, or a combination thereof. 

6. The method according to claim 5, wherein the one or more chelating agents 
comprise an acid having a concentration of up to about 40 wt% of the composition. 

7. The method according to claim 6, wherein the acid is a carboxylic acid having one 
or more acid groups. 

8. The method according to claim 7, wherein the acid is selected from the group of 
acetic acid, citric acid, maleic acid, and combinations thereof. 
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9. The method according to claim I, wherein the one or more chelating agents 
comprise a base having a concentration up to about 5 wt.% of the composition. 

10. The method according to claim 1, wherein the base comprises between about 0.5 
wt% and about 3 wt.% of the composition. 

11. The method according to claim 9, wherein the base is selected from the group of 
ammonium hydroxide, ammonium hydroxide derivatives, amines, and combinations 
thereof. 

12. The method according to claim 1, wherein the composition further comprises a 
corrosion inhibitor. 

13. The method according to claim 12, wherein the corrosion inhibitor comprises 
between about 0.01 wt.% and about 0.50 wc% of the composition. 

14. The method according to claim 12, wherein the corrosion inhibitor is selected from 
the group of benzotriazole, 5-methyl- 1 -benzotriazole, and combinations thereof. 

15. The method according to claim 1, wherein the composition comprises up to about 
40 wt.% citric acid, up to about 5 wt.% ammonium hydroxide, the remainder deionized 
water. 

16. The method according to claim 1, wherein the composition has a pH between 
about 4 and about 5 and comprises between about 5 wt% and about 30 wt% citric acid, 
between about 0.5 wt% and about 3.0 wt.% ammonium hydroxide. 

17. The method according to claim 2, wherein the corrosion inhibitor solution is 
applied prior to treating the substrate surface with the composition for between about 3 
and about 10 seconds. 
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18. The method according to claim 1, wherein the composition is applied between 
about 10 and about 20 seconds. 

19. The method according to claim L, wherein the composition further comprises a 
reducing agent 

20. The method according to claim 19, wherein the reducing agent comprises between 
about 0.01 wl% and about 20 wt.% of the composition. 

21. The method according to claim 19, wherein the reducing agent is selected from the 
group of hydroxylamine, glucose, sulfothionate, potassium iodide, and combinations 
thereof. 

22. The method according to claim 1, wherein the corrosion inhibitor solution 
comprises between about 0.01 wt.% and about 0.50 wt.% corrosion inhibitor and 
deionized water . 

23. The method according to claim 22, wherein the corrosion inhibitor is selected from 
the group of benzotriazole, 5-methyl-l-benzotriazole, and combinations thereof. 

24. The method according to claim 22, wherein the corrosion inhibitor solution is 
applied between about 3 and about 10 seconds. 

25. The method according to claim 1 , wherein the one or more pH adjusting agents are 
selected from the group of a non-oxidating inorganic acid, a non-oxidating organic acid, a 
non-oxidating inorganic base, a non-oxidating organic base, and combinations thereof. 

26. The method according to claim 1, wherein the one or more pH adjusting agents 
comprise an acidic chelating agent, a basic chelating agent or a combination thereof. 

27. A method of plan arizing a substrate surface containing: 

an dielectric layer having an upper surface and at least one opening; 
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a barrier layer lining the opening and the upper surface of the dielectric layer; and 

copper or a copper alloy filling the opening and on the dielectric layer; 
the method comprising: 

removing the copper or copper alloy layer and the barrier leaving an exposed 
substrate surface comprising copper or copper alloy in the opening; and 

treating the exposed substrate surface comprising copper or the copper alloy by 
applying thereto a composition comprising one or more chelating agents, one or more pH 
adjusting agents to produce a pH between about 3 and about 11, and deionized water; 

and then applying a corrosion inhibitor solution.. 

28. The method according to claim 27, further comprising removing the barrier layer 
after removing the copper or copper alloy layer and prior to chemically treating the 
exposed substrate surface. 

29. The method according to claim 27, wherein removing the copper or the copper 
alloy layer comprises chemical-mechanical polishing (CMP) the copper or the copper 
alloy layer. 

30. The method according to claim 29, wherein the method comprises: 
removing the copper or copper alloy layer and stopping on the barrier layer, 
removing the barrier layer and leaving the exposed substrate surface comprising 

copper or copper alloy features. 

31 . The method according to claim 27, wherein: 

the dielectric layer comprises a silicon oxide; and 

the barrier layer comprises tantalum (Ta) or tantalum nitride (TaN). 

32. The method according to claim 27, wherein the method comprises chemically 
treating the exposed substrate surface comprising copper or the copper alloy layer to 
remove a portion of the substrate surface of the copper or copper alloy or to remove 
corrosion stains from the copper or copper alloy substrate surface. 
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33. The method according to claim 32, wherein the method comprises chemically 
removing up to about 50 A from the exposed substrate surface comprising copper or the 
copper alloy. 

34. The method according to claim 27, further comprising treating the substrate 
surface with a corrosion inhibitor solution prior to applying the composition . 

35. The method according to claim 27, wherein the composition comprises ddonized 
water, citric acid and ammonium hydroxide. 

36. The method according to claim 27, wherein the method comprises: 
mounting the substrate on a carrier in a CMP apparatus; 

CMP the substrate using a polishing pad; 
performing the initial treating step; 
applying the composition; and 

applying the corrosion inhibitor solution while separating the substrate from the 
polishing pad. 

37. The method according to claim 34, wherein the corrosion inhibitor solution 
comprises between about 0.01 wt% and about 0.50 wu% corrosion inhibitor and 
deionized water. 

38. The method according to claim 37, wherein the corrosion inhibitor is selected from 
the group of benzotriazole, 5-methyl- 1 -benzotriazole, and combinations thereof. 

39. The method according to claim 27, wherein the one or more chelating agents 
comprise an acid, a base, or a combination thereof. 

40. The method according to claim 39, wherein the one or more chelating agents 
comprise an acid having a concentration of up to about 40 wt.% of the composition. 
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41. The method according to claim 40, wherein the acid is a carboxylic acid having 
one or more acid groups. 

42. The method according to claim 41, wherein the acid is selected from the group of 
acetic acid, citric acid, rnaleic acid, and combinations thereof. 

43. The method according to claim 27, wherein the base comprises up to about 5 wt.% 
of the composition. 

44. The method according to claim 43, wherein the base comprises between about 0.5 
wt% and about 3 wt.% of the composition. 

45. The method according to claim 43, wherein the base is selected from the group of 
ammonium hydroxide, ammonium hydroxide derivatives, amines, and combinations 
thereof. 

46. The method according to claim 27, wherein the composition further comprises a 
corrosion inhibitor. 

47. The method according to claim 46, wherein the corrosion inhibitor comprises 
between about 0.01 wt.% and about 0.50 wt.% of the composition. 

48. The method according to claim 46, wherein the corrosion inhibitor is selected from 
the group of benzotriazole, 5-methyl-l-benzotriazole, and combinations thereof. 

49. The method according to claim 27, wherein the composition comprises up to about 
40 wt.% citric acid, up to about 5 wt% ammonium hydroxide, and the remainder of the 
composition comprises deionized water. 

50. The method according to claim 49, wherein the composition has a pH between 
about 4 and about 5 and comprises between about 5 wt.% and about 30 wt% citric acid, 
between about 0.5 and about 3.0 wt.% ammonium hydroxide. 
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51. The method according to claim 34, wherein the corrosion inhibitor solution is 
applied between about 3 and about 10 seconds prior to treating the substrate surface with 
the composition. 

52. The method according to claim 27, wherein the composition is applied between 
about 10 and about 20 seconds. 

53. The method according to claim 34, wherein the corrosion inhibitor solution 
comprises between about 0.01 wt% and about 0.50 wt.% corrosion inhibitor and 
deionized water. 

54. The method according to claim 34, wherein the corrosion inhibitor is selected from 
the group of benzotriazoie, 5 -methyl- 1 -benzotriazoie, and combinations thereof. 

55. The method according to claim 27, wherein the corrosion inhibitor solution is 
applied between about 3 and about 10 seconds. 

56. The method according to claim 27, wherein the pH adjusting agent is selected 
from the group of a non-oxidating inorganic acid, a non-oxidating organic acid, a non- 
oxidating inorganic base, a non-oxidating organic base, and combinations thereof. 

57. The method according to claim 27, wherein the one or more pH adjusting agents 
comprise an acidic chelating agent, a basic chelating agent or a combination thereof. 

58. The method according to claim 27, wherein the composition further comprises a 
reducing agent 

59. The method according to claim 58, wherein the reducing agent comprises between 
about 0.01 wt.% and about 20 wt.% of the composition. 

60. The method according to claim 58, wherein the reducing agent is selected from the 
group of hydroxylamine, glucose, sulfothionate, potassium iodide, and combinations 
thereof. 
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BACKGROUND OF THE INVENTION 
Related Applications 

This application is a continuation-in-part of co-pending United States Patent 
Application No. 09/450,479 [AMAT/3976], which was filed on November 29, 1999, and 
is incorporated by reference herein. 

Field of the Invention 

The present invention relates to copper (Cu) and/or copper alloy metallization in 
semiconductor devices with improved planarity and reduced defects. The present 
invention is applicable to manufacturing high speed integrated circuits having submicron 
design features and high conductivity interconnect structures with improved reliability. 

Background of the Related Art 

The escalating requirements for high density and performance associated with 
ultra large scale integration semiconductor wiring require responsive changes in 
interconnect technology. Such escalating requirements have been found difficult to 
satisfy in terms of providing a low RC (resistance and capacitance) interconnect pattern, 
particularly in applications where submicron vias, contacts and trenches have high aspect 
ratios imposed by miniaturization. 

Conventional semiconductor devices comprise a semiconductor substrate, 
typically doped monocrystalline silicon, and a plurality of sequentially formed dielectric 
interlayers and conductive patterns. An integrated circuit is formed containing a plurality 
of conductive patterns comprising conductive lines separated by interwiring spacings, and 
a plurality of interconnect lines. Typically, the conductive patterns on different layers, 
Le t . are electrically connected by a conductive plug filling a Yia hole, while a conductive 
plug filling a contact hole establishes electrical contact with an active region on a 
semiconductor substrate, such as a source/drain region. Conductive lines axe formed in 
trenches which typically extend substantially horizontal with respect to the semiconductor 
substrate. Semiconductor "chips" comprising five or more levels of metallization are 
becoming more prevalent as device geometries shrink to submicron levels. 
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A conductive plug filling a via hole is typically formed by depositing an dielectric 
layer on a conductive layer comprising at least one conductive pattern, forming an 
opening through the dielectric layer by conventional photolithographic and etching 
techniques, and filling the opening with a conductive material, such as tungsten (W). 
Excess conductive material on the surface of the dielectric interlayer is typically removed 
by chemical mechanical polishing (CMP). One such method is known as damascene and 
basically involves forming an opening in the dielectric interlayer and filling the opening 
with a metal. Dual damascene techniques involve forming an opening comprising a lower 
contact or via hole section in communication with an upper trench section. The entire 
opening is filled with a conductive material, typically a metal, to simultaneously form a 
conductive plug in electrical contact with a conductive line. 

Copper (Cu) and copper alloys have received considerable attention as candidates 
for replacing aluminum (Al) in interconnect metallization. Copper and copper alloys are 
relatively inexpensive, easy to process, and have a lower resistivity than aluminum. In 
addition, copper and copper alloys have improved electrical properties, vis-d-vis tungsten 
(W), making copper and copper alloys desirable metals for use as a conductive plug as 
well as conductive wiring. 

An approach to forming copper and copper alloy plugs and wiring comprises the 
use of damascene structures. However, due to copper diffusion through dielectric layer 
materials, such as silicon dioxide, a diffusion barrier layer for copper interconnect 
structures is provided between copper or copper alloy interconnect structures and 
surrounding dielectric materials. Typical diffusion barrier metals include tantalum (Ta), 
tantalum nitride (TaN), titanium nitride (TiN), titanium-tungsten (TiW), tungsten (W), 
tungsten nitride (WN), titanium-titanium nitride (Ti-TiN), titanium silicon nitride 
(TiSiN). tungsten silicon nitride (WSiN), tantalum silicon nitride (TaSiN) and silicon 
nitride for copper and copper alloys. The use of such barrier materials to encapsulate 
copper is not limited to the interface between copper and the dielectric interlayer, but 
includes interfaces with other metals as well. 

In conventional CMP techniques, a wafer carrier assembly is rotated in contact 
with a polishing pad in a CMP apparatus. The polishing pad is mounted on a rotating 
turntable or platen, or moving above a stationary polishing table, driven by an external 
driving force. The wafers are typically mounted on a carrier which provides a controllable 
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pressure urging the wafers against the polishing pad. Thus, the CMP apparatus effects 
polishing or rubbing movement between the surface of each thin semiconductor wafer and 
the polishing pad while dispersing a polishing chemical with or without abrasive particles 
in a reactive solution to effect both chemical activity and mechanical activity while 
applying a force between the wafer and a polishing pad. 

It is extremely difficult to planarize a copper or copper alloy surface, as by CMP of 
a damascene inlay, without generating a high degree of surface defects, such as corrosion, 
scratches, pitting and embedded abrasive particles. A dense array of copper or copper 
alloy features is typically formed in a dielectric layer, such as a silicon oxide layer, by a 
damascene technique wherein trenches are initially formed. A barrier layer, such as a 
tantalum-containing layer, e.g., tantalum (Ta), or tantalum nitride (TaN). is then 
confonnally deposited on the exposed surfaces of the trenches and on the upper surface of 
the dielectric layer. Copper or a copper alloy is then deposited, as by electroplating, 
electroless plating, physical vapor deposition (PVD) or chemical vapor deposition (CVD) 
on the barrier layer, typically at a thickness between about 8,000A and about 18,000 A. 

CMP is then conducted to remove the copper or copper alloy overburden stopping 
on the barrier layer followed by barrier layer removal, employing a mixture of a chemical 
agent and abrasive particles, to remove the barrier layer, or conducting CMP directly 
down to the dielectric layer. Copper or copper alloy overburden is material deposited on 
the substrate in excess of the required amount to fill features formed on the substrate 
surface. Buffing is optionally conducted on the dielectric layer surface to remove defects, 
such as scratches in the dielectric materials and further planarize the dielectric material, 
leaving a copper or the copper alloy filling the damascene opening. The resulting copper 
or copper alloy filling the dual damascene has an exposed upper surface typically having a 
high concentration of surface defects. These defects include corrosion, e.g., corrosion 
stains, microscratches, micropitting and surface abrasive particles. Copper and copper 
alloy wafers exhibit a much greater tendency to scratch during penalization than 
dielectric materials, such as oxides or nitrides. Copper and copper alloy surfaces corrode 
very easily and are difficult to passivate in low pH aqueous environments. Conventional 
wafer cleaning alone cannot completely eliminate such defects. Conventional practices 
for plan an zing copper or copper alloys disadvantageous^ result in a high defect count 
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subsequent to planarization. Such surface defects adversely impact device performance 
and reliability, particularly as device geometries shrink into the deep sub-micron range. 
Therefore, there exists a need for methodology enabling the planarization of copper and 
copper alloys with a reduced amount of surface defects. There exists a further need for 
such enabling methodology that is compatible with conventional polishing techniques and 
apparatus. 

SUMMARY OF THE INVENTION 

Aspects of the invention generally provide a method and composition for 
planarizjng a substrate surface including plan arizing metals, such as copper and copper 
alloys, with reduced surface defects and surface corrosion. 

In one aspect, the invention provides a method of treating a substrate surface 
comprising copper or a copper alloy, the method comprising applying to the substrate 
surface a composition comprising one or more chelating agents, a pH adjusting agent to 
produce a pH between about 3 and about 1 1, and deionized water, and then applying a 
corrosion inhibitor solution. The method may use a composition further including a 
corrosion inhibitor and/or a reducing agent. The method may further comprise treating 
the substrate surface with the corrosion inhibitor solution prior to treating the substrate 
surface with the composition. 

In another aspect, the invention provides a method for planarizing a substrate 
surface containing a dielectric layer having an upper surface and at least one opening, a 
barrier layer lining the opening and on the upper surface of the dielectric layer, and copper 
or a copper alloy filling the opening and the dielectric layer, the method comprising 
removing the copper or copper alloy layer and the barrier leaving an exposed substrate 
surface comprising copper or copper alloy, and treating the exposed substrate surface 
comprising copper or the copper alloy by applying th^eto a composition comprising one 
or more chelating agents, a pH adjusting agent to produce a pH between about 3 and 
about 11, and deionized water, and then applying a corrosion inhibitor solution. The 
composition may further include a corrosion inhibitor and/or a pH adjusting agent The 
method may further comprise removal of the barrier layer removal after removing the 
copper or copper alloy layer and prior to chemically treating the exposed substrate surface. 

The method may further comprise treating the substrate surface with the corrosion 
inhibitor solution prior to applying the composition. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Embodiments of the present invention described herein enable effective and 
efficient planarization of a substrate surface having copper or copper alloy containing 
features with significantly reduced defects, such as corrosion, scratches, pitting and 
embedded abrasive panicles, consistent with the ever increasing demands for reliable 
interconnect patterns having feature sizes in the deep submicron range. As used 
throughout this disclosure, copper or copper alloy is intended to encompass high purity 
elemental copper as well as copper-based alloys, e.g., copper-based alloys containing at 
least about 80 wt% copper. 

Embodiments of the invention described herein can be advantageously used in a 
strategic multi-step process subsequent to CMP and barrier layer removal. The multi-step 
methodology of embodiments of the invention treat the surface of the substrate generated 
during CMP copper or copper alloy layer and barrier layer removal leaving a substrate 
surface with reduced surface defects and passivated from oxidation and other processes 
that can cause the formation of defects in the substrate surface following CMP processing. 
The treatment of the substrate surface can comprise removing a thin surface layer of the 
processed substrate, such as copper or copper alloy containing features formed in the 
substrate surface, and/or removing corrosion stains, typically copper oxide and/or copper 
hydroxide mixed with corrosion by-products. 

The multi-step methodology of embodiments of the invention comprise treating 
the exposed substrate surface of copper or copper alloy containing features after barrier 
layer removal including applying an optional corrosion inhibitor solution, a composition 
including one or more chelating agents, such as an acid, e.g. y citric acid, and/or a base, 
e.g., ammonium hydroxide and/or an amine, one or more pH adjusting agents to produce 
a pH between about 3 and about 1 1. and deionizcd water, and then applying a corrosion 
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inhibitor solution. The composition may further include a corrosion inhibitor and/or a 
reducing agent. 

The exact mechanism underpinning the reduction of defects and surface 
passivadon achieved by embodiments of the invention is not known with certainty. 
However, it is believed that the treatment in accordance with embodiments of the 
invention subsequent to barrier layer removal removes a thin layer of the surface of the 
copper or copper alloy containing features containing defects and/or removes corrosion 
stains leaving a relatively defect free surface, and promptly passiyates the relatively defect 
free surface to avoid the generation of further defects. It is believed that the optional 
initial treatment with a corrosion inhibitor and deionized water reduces corrosion, 
particularly corrosion induced by an abrasive: slurry used on the surface of the copper or 
copper alloy containing features. Corrosion, unlike static etching, is non-uniform and, 
hence, should be avoided. 

The optional initial treatment with a corrosion inhibitor solution can comprise the 
use of any of various corrosion inhibitors, such as benzotriazole (BTA) or 5-methyM- 
benzotriazole (TTA) present in an amount between about 0.01 wt.% and about 0.50 wl% 
corrosion inhibitor and deinonized water. In one aspect, the corrosion inhibitor solution 
includes about 0.05 wt.% corrosion inhibitor and deionized water. The initial treatment 
comprises exposing the surface of the substrate for between about 3 seconds and about 10 
seconds, e.g. In one aspect of the process, the corrosion inhibitor solution is applied for 
about 5 seconds. 

The substrate surface is treated with a composition treating the exposed surface 
comprising copper or the copper alloy by applying thereto a composition including one or 
more chelating agents, a pH adjusting agent to produce a pH between about 3 and about 
11, and deionized water, and then applying a corrosion inhibitor solution. The 
composition may further comprise a corrosion inhibitor and/or a reducing agent. In one 
aspect of the invention, the composition may be diluted between a saturated composition 
to a very dilute solution of about 1 vol% of the composition. In one aspect, the 
composition is diluted with deionized water between about 5 vol% and about 10 vol% of 
the original composition. 

It is believed that a subsequent treatment with the composition effects removal of 
up to about 50A of the surface of the features disposed in the substrate surface and/or 
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corrosion stains, generated by surface corrosion, microscratching and pitting, leaving a 
substantially defect free surface. This surface treatment can be conducted by application 
of the composition between about 10 seconds and about 20 seconds. 

The one or more chelating agents may include an acid, a base, or a combination 
thereof. The acid may include an organic acid, such as a carboxylic acid having one or 
more acid groups. Examples of acids suitable for use in the composition include acetic 
acid, citric acid, maleic acid, and combinations thereof. The acid can be present in an 
amount up to about 40 wl% of the composition. In one aspect of the composition, the 
acid comprises between about 5 wt.% and about 30 wt% of the composition. The acid 
may also perform as a chelating agent in the composition, for example, acetic acid may 
perform as a chelating agent for copper or copper alloys. When a diluted solution of the 
composition is used for cleaning the substrate surface, the acid preferably has a 
concentration between about 2 wt.% and about 10 wt.% of the diluted composition. 

The base may include ammonium hydroxide, ammonium hydroxide derivatives, 
amines, and combinations thereof. Examples of amines include primary amines, such as 
methylamine and ethylamine, secondary amines, and combinations thereof. The base may 
include compounds having one or more amine groups or amide groups, such as 
ethylenediaminetetraacetic acid, methylformanude, or ethylenediamine. An example of 
an ammonium hydroxide derivative is tetramethyl ammonia hydroxide. The base can be 
present in an amount up to about 5 wt.% of the composition. In one aspect, the base 
includes between about 0.5 wt.% and about 3.0 wt.% of the composition. The base may 
also perform as a chelating agent in the composition, for example, ammonium hydroxide 
may perform as a chelating agent for copper or copper alloys. Generally, acids and bases 
that may perform as chelating agents chemically react with material, such as metal ions, 
from the surface of the substrate or in the composition to form a soluble metal complex 
for removal from the surface of the substrate. 

The one or more pH adjusting agents may include non-oxidizing organic and 
inorganic acids or bases. The pH adjusting agent is generally in an amount sufficient to 
generate or maintain a desired pH between about 3 and about 11, such as an acidic pH, 
for example a pH of about 3, or a neutral pH, e.g., a pH between about 6 and about 8. In 
one aspect, the composition has a pH between about 3 and about 7. Examples of pH 
adjusting agents include bases such as potassium hydroxide (KOH), and/or inorganic 
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and/or organic acids, such as acetic acid, phosphoric acid, or oxalic acid. 

An acidic pH adjusting agent may be used with a basic chelating agent; a basic pH 
adjusting agent may be used with an acidic chelating agent; and both acidic and basic pH 
adjusting agents may be used with a combination of acidic and basic chelating agents. 
The one or more pH adjusting agents may include acidic chelating agents, basic chelating 
agents, or a combination thereof in the composition. 

Corrosion inhibitors, such as any various organic compounds containing an azole 
group, including benzotriazole (BTA), mercaptobenzotri azole, or 5 -methyl- 1 - 
benzotri azole (TTA), can be added to the composition in a amount between about 0.01 
wt.% and about 0.50 wt.% of the composition. In one aspect, the corrosion inhibitor 
comprises about 0.05 wt.% of the composition. 

Additionally, a reducing agent may be added to the composition to enhance 
removal of surface defects. The reducing agent can be selected from the group of 
hydroxylamine, glucose, sulfothionate, potassium iodide, and combinations thereof. The 
reducing agent can be present in an amount between about 0.01 wL% to about 2D wt.% of 
the composition. In one aspect, the reducing agent comprises between about 0.01 wt.% to 
about 5 wt.% of the composition. In one aspect of the invention, a concentration of about 
0.1 wt.% of reducing agent is used in the composition. 

The corrosion inhibitor solution is then applied to the substrate surface. It is 
believed that the final treatment with the corrosion inhibitor solution described herein, 
such as TTA in deionized water, protects the surface during de-chucking and provides a 
passivated surface layer protecting the substantially defect-free surface of the copper or 
copper alloy containing features and substrate surface from attack by dissolved oxygen. 

Embodiments of the invention described herein include removing the copper or 
copper alloy overburden and barrier layer in any of various conventional manners. For 
example, the copper or copper alloy overburden and barrier layer can be removed during a 
single stage CMP technique, or the copper or copper alloy overburden can be initially 
removed by CMP followed by removing the barrier layer. In either case, the substrate 
surface including the exposed surface of the copper or copper alloy containing features 
can be subjected to an additional buffing step to remove defects prior to performing the 
multi-step procedure of embodiments of the invention. Buffing is broadly defined herein 
as a contacting a substrate with a polishing pad and a chemical composition or de-ionized 
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water with low or minimal pressure between the polishing pad and the substrate to remove 
surface defects and particulate matter from the substrate surface. Buffing is typically 
performed with a soft polishing in the absence of abrasive materials. CMP of the copper 
or copper alloy layer and barrier layer removal can be implemented in a conventional 
manner. 

Conventional substrates and dielectric layers are encompassed by embodiments of 
the invention. For ©cample, the substrate can be doped monocrystalline silicon or 
gallium-arsenide. The dielectric layer can comprise any of various dielectric materials 
conventionally employed in the manufacture of semiconductor devices. For example, 
dielectric materials, such as silicon dioxide, phosphorus-doped silicon gjass (PSG), boron- 
and phosphorous-doped silicon glass (BPSG) and silicon dioxide derived from tctraethyl 
orthosilicate (TEOS) or silane by plasma enhanced chemical vapor deposition (PECVD) 
can be employed. Dielectric layers in accordance with embodiments of the invention can 
also comprise low dielectric constant materials, including polymers, such as polyimides, 
and carbon-containing silicon dioxide, e.g.. Black Diamond™ dielectric material 
available from Applied Materials, Inc., located in Santa Clara, California The openings 
are formed in dielectric layers by conventional photolithographic and etching techniques. 

An embodiment of the invention is schematically illustrated in Figures 1-4, 
wherein similar features bear similar reference numerals. Referring to Figure 1, dielectric 
layer 10, e.g., silicon oxide, is formed overlying a substrate (not shown). A plurality of 
openings 1 1 are formed in a designated area A in which a dense array of conductive lines 
are to be formed bordering an open field B. A barrier layer 12, eg., TaN, is deposited 
lining the openings 11 and on the upper surface of silicon oxide dielectric layer 10. 
Typically, the openings 1 1 are spaced apart by a distance C which is less than about 1 
micron, e.g., about 0.2 micron. Copper layer 13 is then deposited at a thickness D 
between about 8,00OA and about 18,OO0A. 

Referring to Figures 1 and 2, CMP is initially conducted in a conventional manner 
to remove the copper overburden stopping on TaN barrier layer 12. As shown in Figures 
2 and 3, barrier layer removal is conducted in a conventional manner to remove TaN layer 
12. The resulting copper interconnection structure comprises a dense array A of copper 
lines 13 bordered by open field B. However, the upper surface 40 of the copper 
containing feature and the dielectric surface 41 exhibit an unacceptabiy high defect count, 
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e.g., measured at best of at least 750 defects, comprising primarily corrosion stains, 
microscratches, micropits and abrasive slurry particles. 

In accordance with one embodiment of the invention described herein, the copper 
containing feature surface 40 and dielectric surface 41 are treated by a multi-step 
procedure comprising applying an optimal solution of a corrosion inhibitor, followed by a 
composition comprising one or more chelating agents, a pH adjusting agent to produce a 
pH between about 3 and about 11, and deionized water, and then applying a solution of a 
corrosion inhibitor. The optional initial treatment with a corrosion inhibitor solution can 
comprise deionized water and between about 0.01 and about 0.50 wt%, e.g., about 0.05 
wt.%, of a corrosion inhibitor, such as BTA or TTA. In one aspect, the corrosion inhibitor 
solution comprises about 0.05 wt% corrosion inhibitor and deionized water. The 
optional initial treatment is performed for a period between about 3 and about 10 seconds, 
e.g., about 5 seconds. 

The composition is then applied to the substrate to treat the substrate surface. The 
composition, for example, may comprise up to about 40 wt.% of an acid, eg., between 
about 5 and about 30 wt%> citric acid, up to about 5 wt.% of ammonium hydroxide, 
ammonium hydroxide derivatives, amines, and combinations thereof, e.g., between about 
0.5 and about 3.0 wt% ammonium hydroxide, the remainder deionized water. The 
composition is applied to the substrate surface for a suitable period of time, e.g., between 
about 10 seconds and about 30 seconds. 

Subsequently, the substrate is de-chucked while applying thereto a corrosion 
inhibitor, such as TTA or BTA in deionized water. The treatment with an optional 
corrosion inhibitor, followed by cleaning with the composition described herein, and de- 
chucking with a corrosion inhibitor, effectively removes a defective upper surface of the 
copper or copper alloy containing feature 40 and dielectric surface 41 leaving a relatively 
defect-free passivated surface 50, as shown in Figure 4. Experiments conducted 
employing the inventive procedure resulted in a planarized substrate surface having 
copper or copper alloy containing features having a surface with a defect count less than 
139, even less than 100, as measured. 

Embodiments of the invention described herein are applicable to planarizing a 
substrate surface during various stages of semiconductor manufacturing employing any of 
various types of CMP systems. Embodiments of the invention described herein enjoy 

particular applicability in the manufacture of high density semiconductor devices with 
metal features in the deep subraicron range. 

While foregoing is directed to the preferred embodiment of the invention, other 
and further embodiments of the invention may be devised without departing from the 
basic scope thereof, and the scope thereof is detennined by the claims that follow. 
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4 Brief Description cf Drawings 

Hgures 1-4 illustrate processing step of a method in accordance with an 
embodiment of the present invention. 
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1 Abstract 

A process for treating a copper or copper alloy substrate surface with a 
composition and conosion inhibitor solution to minimize defect formation and surface 
corrosion, the method including applying a composition including one or more chelating 
agents, a pH adjusting agent to produce a pH between about 3 and about 11, and 
deionized water, and then applying a corrosion inhibitor solution. The composition may 
further comprise a reducing agent and/or corrosion inhibitor. The method may further 
comprise applying the corrosion inhibitor solution prior to treating the substrate surface 
with the composition. 
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